SUMMARY A longitudinal study through puberty of the height and weight of 96 boys and 102 girls in schools in and around the city of Leeds was conducted. Data for height and weight and height and weight velocities are presented, which are based on chronological age and on age relative to the age of peak height velocity. Comparison was made with the Tanner standards: male puberty developed a little later but growth continued longer, so that the adult men were taller and heavier. Girls showed a similar timing of puberty to the Tanner standards but were lighter at all ages and ultimately slightly taller as growth was not completed until later. It is important to know the pubertal state when interpreting growth changes in children.
In clinical practice much emphasis must be placed on reliable standards df normality in growth. The difficulties of obtaining standards that are up to date and appropriate for populations are very great especially for the years covering adolescence. Nevertheless, there is value in obtaining fresh data from time to time and relating these to previous standards. Twenty years ago Tanner, Whitehouse, and Takaishi produced outstanding papers that contained standards for height and weight, and they have been widely used." The authors emphasised the importance of longitudinal data for adolescence, which is the period when the precise age of growth patterns varies greatly. The present longitudinal study, started in 1973, was undertaken to provide such information on children whose backgrounds were rather different from those reported by Tanner.
Subjects and methods
A single cohort of white schoolchildren (121 girls, 120 boys), without chronic disease, was recruited from seven day middle schools in and around Leeds. The schools chosen were selected because they would represent a cross section of social backgrounds and because staff support and cooperation could be expected. In response to a brief introductory notice about the proposed project interested parents with children in the appropriate year group (mostly 10 to 11 year olds) were invited to attend meetings at the schools and the full nature of the study was explained. It was emphasised that if a child entered the programme it was hoped that he or she would stay in it, although there was no obligation to do so. It became apparent that when the children progressed into adolescence their own willingness to continue participating lessened and five girls and six boys had to be excluded from the study because they withdrew at this stage. Children also withdrew at various stages of the project because they moved away or changed schools. At Weight and height velocities were calculated on a yearly basis-that is, taking every third measurement and dividing the increase by the exact time interval. The age at which the velocity is reported is midway between these two ages. Thus after the first year it was possible to calculate three velocities per year for each subject. The age of peak height velocity for a child (see below) was taken as the age where the maximum value occurred. Centile distributions of velocities were obtained in a similar manner to height and weight growth curves-that is, for each child velocities at half yearly intervals were interpolated by computer.
Centiles were also produced where the age axis was defined as age relative to age at peak height velocity. For each subject the age of peak height was determined as described above. Velocities were obtained by interpolation at half yearly intervals relative to this point. 
Results
Over half the children were followed up until they were effectively of adult stature ( Centile charts based on chronological age when used on their own can be misleading and some means of including data relevant to pubertal state is of importance. The use of centiles based on peak height velocity related ages not only provided a standard of comparison for the shape of individual distance and velocity curves, but gave a better indication of 'true physiological' centile placement. Age of peak height velocity was defined as the age at which the highest velocity value was obtained. As Preece8 has reported there are various methods of fitting curves to data-for example, principal components9 and moving polynomial functions.10 Our measurements, however, were obtained at roughly four monthly intervals and this therefore sets the limit of our accuracy (whatever method of analysis is used). It would have been possible to calculate four monthly velocities-that is, the velocity between consecutive measurements rather than measurements about a year apart, but although in theory this would identify more precisely the shape of the velocity curve during the time of rapid change in practice it is liable to much greater error resulting from any inaccuracy in measurement or seasonal variation in growth rate.11
Although of academic value, the centiles presented, with age expressed relative to age at peak height velocity, are of limited clinical application as the age of peak height velocity is unlikely to have been reached at the relevant time of concern. Even before the age of peak height velocity is reached there can be a guideline by assuming an interval in time between the age of appearance of other pubertal features and peak height velocity. This is clearly approximate, and evidence from these (fig 5) . The average age of onset of genital development was 0 5 years later than those in Tanner's study,6 first appearance of pubic hair about 0-8 years later, and the age of peak height velocity 0 35 years later. (In the report of the Harpenden Study in 1976,13 however, somewhat different ages were given, pubic hair appearance being later and comparable with the findings of this report, whereas genital development was even earlier being slightly over a year younger than in our boys.) Interpretation of the first stage of genital development in boys (testicular growth) shows great variation from observer to observer and these differences may be misleading.
Differences in the ages of pubertal development in girls were far less pronounced (fig 6) . The mean age of peak height velocity is almost identical in the studies and the mean age of menarche, although 0-25 years later than one of Tanner's reports from 1976 was almost identical with the age given in another 1976 report.'3 The ages of pubic hair and breast development were comparable.
The growth in height was different from that of the Tanner series in both boys and girls. The present group of boys and girls were slightly taller initially, but their final height was definitely taller on average: boys by 2-5 cm, girls by 1 5 cm. This seemed mainly due to the fact that growth had continued longer as the difference was not evident at the stages of more rapid growth.
Weight differences in this study were even more apparent but not in parallel ways in the boys and girls. The boys in this study were a little lighter throughout at comparable ages up to 16 , presumably due to changes of puberty being later, and were on average 2 kg lighter at age 15. Ultimately, however, weight gain was greater and by 18 they were about 2 kg heavier on average than those of Tanner's standards. The Leeds girls were lighter at all ages than those in Tanner's study, they were less so prepubertally (averaging 1 kg lighter) but in mid puberty were about 3 kg lighter, and this difference was maintained despite the fact that these girls were ultimately slightly taller.
At school entry between the ages of 5 and 6 Leeds This paper shows the inevitable difficulties and limitations of longitudinal studies, but such studies are essential to elucidate the growth pattern of children as this is obscured by cross sectional studies. Numbers must of necessity be small if observations are to be consistent, reliable, and performed by a single observer; and the cooperation of the subjects must be maintained. When numbers are so small the significance of obtaining extremes of centile values may be questioned and also how representative this group is of the population as a whole. Different social and cultural backgrounds may influence growth patterns and we intend to investigate this further. The most important factor influencing growth in the teenage years, however, is the stage of pubertal development. Centiles based on peak height velocity related ages are therefore particularly useful for this age range.
